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optical signal. A bad-element sensor is coupled to each 
detector element, Which is functionally responsive to the 
detection of a bad detector element. 
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REDUNDANT LINEAR DETECTION ARRAYS 

FIELD OF THE INVENTION 

This invention relates to optical detectors and in 
particular, to detector arrays. 

BACKGROUND OF THE INVENTION 

Photodetector array’s are becoming increasingly impor 
tant in lightWave communication systems due to parallel 
optical data links and Wavelength division multiplexing. For 
example, photodetector arrays are employed in photospec 
trometers to read out the spectrum generated by a dispersive 
medium such as a grating. In these contexts, the array is 
typically one-dimensional. HoWever, the functionality of 
these linear detector arrays is effected by the presence of bad 
detectors. For ?ber optic communication at a Wavelength of 
1.55 pm, 1x12 arrays of InGaAs/InP photodiodes have been 
fabricated and substantially uniform 1x12 arrays have been 
demonstrated. In addition, 1x512 arrays have been demon 
strated With a reported yield that Was approximately 98%. In 
the latter case, bad devices Were found to be almost exclu 
sively leaky, and usually caused by a defect in the epitaxial 
groWth of the devices. That is, microscopic point defects that 
occurred during fabrication resulted in devices that exhibited 
excess photodiode leakage. As a consequence, defects Which 
result in shorts and opens are a primary limitation on device 
yield. 

Fabrication of tWo-dimensional arrays integrated With Si 
CMOS to form arbitrary circuit formations have been dem 
onstrated. The integration technology utiliZed in fabricating 
these devices Was ?ip-chip bonding. As a consequence, the 
siZe of the array is fairly unrelated to the dif?culty in 
fabricating the chip, and thus a chip can have for example, 
as many as 10,000 elements. Arrays of GaAs/AlGaAs 
photodiode/modulators operating at 850 nm and having as 
many as 4,352 elements have been produced. The yield of 
these devices Were measured to be approximately 99.95%. 
This result is presumably due to the higher quality of 
GaAs/AlGaAs material than InGaAs/InP material. 

Accordingly, there is a need to provide a simple and 
effective apparatus and method Which improves device 
functionality and uniformity by utiliZing photodiode redun 
dancy in detector arrays. 

SUMMARY OF THE INVENTION 

The present invention teaches an apparatus and method 
Which substantially increases photodetector array uniformity 
and functionality by introducing redundancy into the array 
con?gurations. Importantly, redundancy is utiliZed to 
counter the presence of bad photodiodes. 

In an exemplary embodiment of the present invention, a 
detector array has M optical pixels. The present structure 
advantageously utiliZes N detector elements in each optical 
pixel to reduce the effect of bad detector elements on array 
functionality. The detector array further includes means for 
lengthening the optical spot on the array in the direction 
normal to the information vector. As a consequence, each of 
the N detector elements in a speci?c optical pixel is exposed 
to the optical spot. That is, each optical pixel is represented 
by a column of detector elements, each of Which looks at an 
optical signal that covers the entire column. Abad-element 
sensor is coupled to each of the detector elements and is 
functionally responsive to a defective detector element. If a 
fuse or sWitch is utiliZed as the bad-element sensor, it can be 
set either by physical action or electrical input to disable a 
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2 
bad detector. Moreover, the fuse can automatically sense bad 
diodes by setting VB,” and looking for the presence of dark 
current. In a further embodiment, a current limiter is utiliZed 
as the bad-element sensor to limit the current at the maxi 
mum expected value of the photocurrent. This prevents a 
potentially leaky diode from overloading connected 
circuitry, for example, an ampli?er. 

Advantageously, there is disclosed a photodiode array 
Wherein subsets of the arrays are treated as single pixels of 
an optical system. In particular, an exemplary embodiment 
of a photospectrometer is illustrated Where each of the 
columns of a tWo-dimensional array is treated as one pixel 
of a one-dimensional optical system. The above factors 
make the present invention redundancy a versatile and 
ef?cient method for increasing the uniformity of the system 
in response to photodiode yield reductions due to process 
defects. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A more complete understanding of the present invention 
may be obtained from consideration of the folloWing 
description in conjunction With the draWings in Which: 

FIG. 1 is an exemplary embodiment of a redundant linear 
detector array in accordance With the present invention; 

FIG. 2 is an illustration of limiter utiliZed in accordance 
With the present invention; 

FIG. 3(a) is a circuit model for a single leaky diode in 
accordance With the present invention; 

FIG. 3(b) is a circuit model for a redundant array of N 
photodiodes in accordance With the present invention; and 

FIG. 4 are plots of illuminated, Zero-bias current photo 
diodes utiliZed in a redundant array of photodiodes in 
accordance With the present invention. 

DETAILED DESCRIPTION 

In general, the present invention mitigates the effects of 
bad detector elements in a photodetector array. This is 
achieved by utiliZing detector element redundancy in the 
photodetector array. For example, if a photodetector array 
has M optical pixels, then each optical pixel is comprised of 
N detector elements to reduce the effect of bad detector 
elements on array functionality. By lengthening the optical 
signal in the direction normal to the information vector, each 
detector element is exposed to the same portion of the 
optical signal. That is, each optical pixel is represented by a 
column of detector elements, each of Which looks at an 
optical signal that covers the entire column. In other Words, 
each subset of detector elements of the array is treated as a 
single pixel of the optical system, Where each subset collects 
a redundant optical signal. For example, in a 
photospectrometer, each column of a tWo-dimensional array 
is treated as one pixel of a one-dimensional optical system. 
The present invention detector array includes a bad-element 
sensor, Which is responsive to the detection of a bad detector 
element. 

FIG. 1 illustrates an exemplary embodiment of a present 
invention detector array 100 Which is utiliZable in an optical 
system. In the exemplary embodiment, detector array 100 is 
a linear detector array, such as those utiliZed in spectrom 
eters Where the optical information or signal is presented 
along one dimension. Detector array 100 is comprised of M 
optical pixels 110, each of Which is coupled to an ampli?er 
circuit, for example, an ampli?er 140. As such, each optical 
pixel 110, for example, corresponds to a different frequency 
in an optical signal. Each of the M optical pixels 110 is 
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comprised of N detector elements 115 connected in parallel. 
That is, N detector elements 115 exist for each optical pixel 
110 and are each illuminated by the optical signal. Uniform 
illumination is achieved by lengthening the optical signal or 
spot present on the array in a direction normal to an 
information vector. N detector elements 115 are, for 
example, photodiodes operated With Zero applied bias or 
reverse applied bias. 

Detector array 100 further includes a bad-element sensor 
130 Which is functionally responsive to a bad detector 
element in the detector array. Bad-element sensor 130 can be 
either a fuse, sWitch or current limiter. In one embodiment, 
bad-element sensor 130 is a fuse or a sWitch, Which is setable 
either by a physical action or an electrical input to disable 
the bad detector. In the case of a detector Which is defective 
in the open sense, the fuse or sWitch need not be set. In a 
further embodiment, the fuse automatically senses bad 
diodes by setting VB," and looking for the presence of dark 
current. As shoWn in FIG. 2, in a further embodiment, a 
current limiter is utiliZed as bad-element sensor 130 to limit 
the current at the maximum expected value of the photo 
current. This prevents a potentially leaky diode from over 
loading connected circuitry, for example, such as an ampli 
?er. 

If the same optical information is presented to a particular 
area of a chip, the concept is to have several photodetectors 
in the same area rather than just having one photodetector in 
that area. This is most easily appreciated in optical systems 
Where the information in the optical beam changes along one 
axis of the chip, for example, in a photospectrometer. Prior 
to the present invention, a simple one-dimensional array 
Would have been employed for a photospectrometer. 
HoWever, the present invention utiliZes a tWo-dimensional 
array, Where diodes along the axis normal to the optical 
information change are coupled together so that if one diode 
is bad then the other diodes can still perform the function of 
optical detection. This results in uniform operation of the 
photodetector array. As stated above, the optical spot for a 
single Wavelength must be lengthened in the direction 
normal to the dispersion so that it illuminates the redundant 
photodiodes uniformly. 

The resulting improvement in the functionality of the 
array depends on hoW the array is operated and the nature of 
the photodiode yield reduction. That is, is the defect an open 
or short. The simplest case to examine is Where the yield 
reduction results from an open circuit of the photodiode. In 
this case, if the redundant photodiodes are simply connected 
in parallel to a preampli?er, the photocurrent measured for 
one bad diode Will be reduced by (N—1)/N, Where N is the 
number of redundant diodes. It is arguable that redundancy 
does not help much in the case of open photodiodes. This 
occurs because open photodiodes are probably due to lithog 
raphy defects in metaliZation or missing solder bumps, and 
these types of defects increase as the area of the photodiode 
is made smaller. An alternative approach is to think of 
redundancy as a single large diode Which is parsed into 
several smaller ones. This approach is supported by the fact 
that it is desirable that the siZe of the optical spot, or the 
overall capacitance of the redundant diodes, should remain 
constant. Then, the probability of open photodiodes 
increases only as the redundancy number is increased. As a 
consequence, it Would seem to be better to use a single large 
diode in this case. 

Although the open case is one reason for decreased yield, 
a more prevalent factor in yield reduction is leaky photo 
diodes. As before, the bene?ts of redundancy is dependent 
upon hoW the array is operated. Although it is probably not 
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4 
feasible to have a separate preampli?er for each redundant 
diode, it is bene?cial When the redundancy is implemented 
by coupling the redundant photodiodes in parallel. 
Moreover, When a leaky diode is identi?ed and removed 
from the circuit either by physical (e.g., laser ablation) or 
electronic action (e.g., via a fuse or sWitch), the measured 
photocurrent is reduced by (N—1)/N. 

Operationally, photodiodes are operated With Zero applied 
or reverse applied bias. The latter con?guration is typically 
utiliZed When speed is a factor in the overall operation. 
HoWever, dark current leakage usually increases as reverse 
applied bias is increased. For reverse biased photodiodes, 
the simplest Way to take advantage of redundancy is to place 
a current limiter in series With each photodiode. The limit 
Would be set at the maximum photocurrent anticipated from 
each diode as previously shoWn in FIG. 2. 

If operational speed is unimportant, as in a 
photospectrometer, the photodiodes may be operated at Zero 
applied bias, e.g., at the virtual ground of a current/voltage 
converter circuit. Then, the photodiodes may be connected 
in parallel, With no need to limit dark current, since there can 
be none at Zero applied bias. This advantage is due to the fact 
that leaky photodiodes have reduced photocurrent at Zero 
bias. 

Referring to FIG. 3(a), this phenomena is demonstrable 
using a circuit model 300 for a photodiode containing both 
shunt RSH and series RS resistances. In FIG. 3(a), IL is the 
photocurrent, and the current through the diode element is 
given by IS(eqV/kT—1). It is then straightforWard to calculate 
I vs. V, and observe the reduction in I at Zero bias as the 
series resistance is raised above Zero and/or the shunt 
resistance is loWered from in?nity. 

Referring noW to FIG. 3(b), a circuit model 400 is 
presented upon Which the same type of analysis is performed 
When utiliZing redundant photodiodes. Several assumptions 
Were made in performing the analysis. First, a single large 
diode Was replaced by N smaller diodes, Where the total area 
utiliZed Was kept constant. Furthermore, it Was assumed that 
each photocurrent source Was reduced by l/N, and that each 
diode element’s current Was also reduced by 1/N. In 
addition, the assumption Was made that the series resistance 
of the smaller diodes is N times that of the large diode, due 
to the smaller area available for contact. It Was also assumed 
that the shunt conductance of the large diode can be isolated 
in one of the smaller, parsed diodes since the conductance 
results from a point defect in the crystal. 
The analysis of the redundant circuit is then a matter of 

summing the currents from each photodiode, since the 
photodiodes are connected to a virtual ground. Referring to 
FIG. 4, a plot illustrates the resulting Zero-bias current for 
the case of IL/IS=1000 and ISRS=10_7, as a function of ISRSH, 
for N=1, 10, 20, and 50. In the case of IS=1 nA, this Would 
correspond to 1 pA of photocurrent, and a series resistance 
of 1 k9. Aphotodetector array is speci?ed by the uniformity 
of its elements. That is, an element is considered “bad” if its 
performance falls beloW a certain speci?ed uniformity of the 
array. What is illustrated in FIG. 4 is that redundancy is 
particularly useful if the number of redundant photodiodes is 
greater than the inverse of the speci?ed uniformity. For 
example, if in FIG. 4, the speci?ed uniformity of the array 
is <2% variation, a single large diode fails for ISRSH=10_5'3, 
or, for IS=1 nA, and a shunt resistance of 5 k9. As the 
redundancy N is raised to 10 and then 20, the corresponding 
shunt resistance for failure only drops to 4 k9 and 3 k9, 
respectively. Although this represents an improvement, the 
corresponding shunt resistance for failure drops to 19 When 
N=50. 
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Presented herein is the utilization of redundancy in pho 
todiode arrays, and in particular for tWo-dimensional arrays 
Where photodiodes along one dimension are grouped 
together, thus forming an effective one-dimensional array. 
The immunity of the redundant array to a leaky diode 
increases only marginally until the number of redundant 
photodiodes is raised above the inverse of the speci?ed 
uniformity of the overall array, at Which point it increases 
dramatically. 
Numerous modi?cations and alternative embodiments of 

the invention Will be apparent to those skilled in the art in 
vieW of the foregoing description. Accordingly, this descrip 
tion is to be construed as illustrative only and is for the 
purpose of teaching those skilled in the art the best mode of 
carrying out the invention. Details of the structure may be 
varied substantially Without departing from the spirit of the 
invention and the exclusive use of all modi?cations Which 
come Within the scope of the appended claim is reserved. 
What is claimed: 
1. An optical system including a detector array Which is 

illuminated by an optical signal, said system comprising: 
a plurality of optical pixels responsive to optical illumi 

nation; and 
N detector elements coupled together in a redundant 

con?guration to form each of said plurality of optical 
pixels, N being greater than an inverse of a given level 
of uniformity for said detector array; 

Wherein said detector array maintains a substantially 
uniform response When said N detector elements 
include a number of defective detector elements. 

2. The system according to claim 1, further including a 
bad-element sensor coupled to each of said N detector 
elements, Wherein said bad-element sensor is functionally 
responsive to detection of a defective detector element. 

3. The system according to claim 2, Wherein said bad 
element sensor is a fuse Which is set upon detection of said 
defective detector element. 

4. The system according to claim 2, Wherein said bad 
element sensor automatically senses said defective detector 
element by setting VB and looking for a presence of dark 
current. 

5. The system according to claim 2, Wherein said bad 
element sensor is a sWitch Which is set upon detection of said 
defective detector element. 

6. The system according to claim 2, Wherein said bad 
element sensor is a circuit limiter Which is set to a maximum 
expected value of photocurrent of said N detector elements 
to prevent overloading of circuitry coupled to said plurality 
of optical pixels. 

7. The system according to claim 1, Wherein said optical 
signal is lengthened in a direction normal to an information 
vector of said optical signal. 

8. The system according to claim 7, Wherein said redun 
dant con?guration requires said N detector elements to be 
coupled in a parallel con?guration. 

9. The system according to claim 1, Wherein one of said 
N detector elements is considered defective if a performance 
level of said one is beloW a given level of uniformity of said 
detector array and Wherein a value of said N is greater than 
an inverse of said given level of uniformity. 

10. The system according to claim 1, Wherein each of said 
N detector elements corresponds to a given Wavelength and 
is equally illuminated by said optical signal. 

11. The system according to claim 1, Wherein said number 
of defective detector elements is less than said N detector 
elements. 

12. A detector array for detecting an optical signal, said 
detector array comprising: 
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6 
a plurality of pixels responsive to optical illumination; 

and 

a plurality of detector elements coupled together in a 
redundant con?guration to form each of said plurality 
of pixels, the number of said detector elements being 
greater than an inverse of a given level of uniformity 
for said detector array; 

Wherein said detector array maintains a substantially 
uniform response even if each of said plurality of pixels 
includes a number of defective detector elements. 

13. The detector array according to claim 12, further 
including a bad-element sensor coupled to each of said 
plurality of detector elements, Wherein said bad-element 
sensor is functionally responsive to a presence of a defective 
detector element. 

14. The detector array according to claim 13 Wherein said 
bad-element sensor is selected from a group consisting of a 
fuse and a sWitch. 

15. The detector array according to claim 13, Wherein said 
bad-element sensor automatically senses said defective 
detector element by setting VB and looking for a presence of 
dark current. 

16. The detector array according to claim 13, Wherein said 
bad-element sensor is a circuit limiter Which is set to a 
maximum expected value of photocurrent of said plurality of 
detector elements to prevent overloading of circuitry 
coupled to said plurality of pixels. 

17. The detector array according to claim 12, Wherein: 
said optical signal is lengthened in a direction normal to 

an information vector of said optical signal; 

said redundant con?guration requires said plurality of 
detector elements to be coupled in a parallel con?gu 
ration; and 

each of said plurality of detector elements corresponds to 
a given Wavelength and is equally illuminated by said 
optical signal. 

18. The detector array according to claim 12, Wherein one 
of said plurality of detector elements is considered defective 
if a performance level of said one is beloW a given level of 
uniformity of said detector array and Wherein a number of 
said plurality of detector elements is greater than an inverse 
of said given level of uniformity. 

19. The system according to claim 12, Wherein said 
number of defective detector elements is less than said 
plurality of detector elements. 

20. A method for increasing uniformity of response in a 
detector array Which is responsive to an optical signal, said 
detector array having a given number of optical pixels, said 
method comprising the steps of: 

selecting a given number of detectors for each of said 
given number of optical pixels such that said number of 
detectors is greater than an inverse of a given level of 
uniformity for said detector array, Wherein one of said 
detectors is considered defective if a performance level 
of said one is beloW said given level of uniformity for 
said detector array; and, 

arranging said given number of detectors in a redundant 
con?guration such that presence of a bad detector 
maintains said given level of uniformity for said detec 
tor array. 

21. The method of according to claim 20, further com 
prising the step of coupling a bad-element sensor to each of 
said given number of detectors. 

* * * * * 


